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A MIDDLE PLEISTOCENEVERTEBRATEFOSSIL ASSEMBLAGEFROM
CATHEDRALCAVE, NARACOORTE,SOUTHAUSTRALIA

by Sn vi:n R Brown St Romkick T. Whi.t.s'

Summary

mUtyN. s, p <& Whii ;-.. R. T. 121100}. A Middle Pleistocene verltbnite lossil ^emMu^e tnmi CftthCtind Cave.

NaiUCmfnc, Suuih Aiiviraliu. Irons. K. S&c, S. Aitst. 124 (2). Ml 104, 30 November. 2000.

UA.'al£{J "i tile Naracunrle Clivgs Cnnset valion l\irk. Cathedral CflVC represents Hflff of the mmetussil-oeh

serahraie sites within llio region. An analy.is of thd geology and palaeontology ol' Ihc fossil assemblage.

i oupletJ wiili li-M'rii-.s dining, has euahled u lecriiTstrucrion ol both the accumulation mode* and the proximal

environment between abonl 2X0.000 and IfSO.tHK) years agu, dining the Middle rMeiMoeefle A pitlall Hap U>

suggested as (ht primary mechanism Tot collecting animals whose remains became incorporated in the deposit,

I he EoiifM mdiuiies an environment dominated hy I irge herbivores inhabiting a grassy open forest or woodland
Willi little silent-stum «"f aridity.

Ki v Wokus NaiauK.ne. Cathedral Cave, (ossd assombliiee. I -series rioting, laphom-my Vliddlt Pleistoeem.

piltall trap.

Introduction

The Oligo-Mioeenc limestone t Naraeoorte

Member ol' the Cmmhier I imesione) underlying

much ol (he Naracoorte region contains an extensive

system rd eaves well known for llieir lossil content.

The best studied are Ihc richly fossiliferotis deposits

mi Victoria Po^fttJ Cflvc feg, smioi wi, 1072.

|^7ft; Van lets & Smith 1^74; Wells IW.S; Tyler

1977: Wells et tii ls>X4]. However, lillle is known
about (lie lossil eontent of other c;ivcs in the region.

Ongoing geoehronologieal and palaeontologieal

research tAylilTc & Veeli i£8S; Aylifie a ol. 1998:

Moriarly */p£ 2000) has encompassed many 'new'

lossililerous cave sites. The Fossil Chamber m
Cathedral Cave is one such site (Pig. I }, The present

study presents a detailed geological, l.iphum.mie

and luunal analysts of the Cathedral Cave fossil

deposit.

Mak'riiils and Methods

iifiiffafiy! tfnui$ropky turd W/wnj/o/oev
A survey datum was established on a limestone

block m close proximity to the sediment cone m the

l-os-al C'liambei (Fig. 2>. The sediment fill was

systematically probed with a i m lout! 10 mm
diameter rod to locate subsurface limestone blocks

A 75 nun diametei soil auget was then used ro

sample the sediment lo a depth of 2 in avoiding die

hiiticd blocks. Auger holes were spaced at 5 m

St h.H.I ill" Hmto-iL;a StuiiLj^ I Wilder. Llflrvtffcitj?

fawaltA opo Bvik :iou wfeUtte sa Soiu

in lin>v,n(-"iliiuk'r-i.'ilH,au

i)l' Suiith

f in, id

intervals across the sedimenl I ill. Paeh bt>re Itole was

sampled at It) em increments and a subsurface

stratigraphy constructed. All depths to datum were

measured- A sample of sedimenL from each 10 em
interval was placed into a clem siiap-loek plastic hue

and labelled with the auger hole location and depth.

Samples were returned to The Flinders University of

Smith Australia and scored for sediment colour

(Munsell colour l harts), eluy content, calcium

carbonate eontcnl. er.tin w/e mm\ sorting (following

the procedures of Day l^ro), and grain morphology

iMcCollough sand gauge}.

Pftlaefjutftlvgy

Access to the Fossil Chamber was via a dug craw I

way approximately 120 m in lenelh iFig. 1 1.

P'xeavatton offnssiliferous sediments was curried out

over a thrce-monlh peninl tu April l

l >0,S, Fw* > pits

were excavated within the Fossil Chamber (Tig. 2),

The first t pfi A » measured 2.S mx 1 .5 m x ().7o mand

the second (Pit B) measured 2.6 m x 2. 1 m x 1 ,04 m.

Sediment was carefully excavated along the

bedding planes using trowels, dental picks and

brushes. F.xposcd fossils were left in \itti while the

following dula were collected; the depth below,

distance lo. and direction from daluni; the dip and

bearing of the specimens. A sighting compass, lapc

measure and a line level were used lo accomplish

this. Specimens were then removed from the

sediments and transported to the laboratory where

they were cleaned and stabilised with a polyvinyl

hutyrate (Mowital", Moeehso. Due to the difficulty

of removing sediment from the cave it was di\

screened on site using 5 mmmesh sieves.
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Taphonamh analysis

Each specimen was identified where possible to

species or genus and element type. It was then

examined tor breakage pattern, presence of predator

marks, ahrasions, weathering and any other

noticeable surface modifications (root etching,

bunting, colour alteration). Breakage patterns were

classified as irregular perpendicular, crenulated,

spiral and compression following Lyman (1994) and

Marshall ( 1989). Characterisation of weathering

stages follows Behrensmeyer ( 1978).

Following Andrews (1990), all large mammal
skeletal elements were counted ( Ni ) and their

relative abundance (Ri) calculated. The relative

Entrance
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*"""" -

\'

Fig. I , Map of Cathedral Cave, Naracoorte, showing the position of the study site. Modified from Cave Exploration Group
of South Australia surveyed map of Cathedral Cave.
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abundance counts were bused on the relationship

between ihe Ni the expected numbers o\' each

clement iLi) within a complete skeleton, and the

minimum number of individuals (MM). This is

summarised as.

K
lMNl){Fit

\ 100

"Ihe MNI was pTtHlttCwl by suimniity the most

abundant .skeletal clenienl relerrable lo Ihe Laxon in

question aiul dividing Ihis by the number represented

in a complete skeleton. These results were then

totalled to give an overall laree mammal MNI.

Speeies MNI were based primarily i/li ihe numbei ol

eraniodenial speeimens. as these contain the species-

specific characters, while MNI values for genera

weiv based on elements, usually posi-eranial, which

could not be identified lo species level, hi was

calculated by muUiplyiivj Ihe MNI by the number n(

each clement type present in a complete skeleton.

The Red Kangaroo, ftfiK*W&$ mfas UVsmavresi,

I *>22) was used as the comparator skeleton lor Li

calculations. To enhance accuracy, caudal verlebrae

were excluded bom these calculations, as theie is

considerable variation in the number of tail verlebrae

between speeies.

Results

Cttvi' utiinu nt\

Sediments aecumulaLed as a simple cone beneath a

soliuuy roof enhance now choked with sediment,

limestone hlocks and calcile formation. Wilhin Ihe

cone, four sedimentary units were easily identified

(designated U,.i and 4) on the basis ol colour. All

units consist of quart/ sands with variahle quantities

of admixed clay (Table I ). Carbonaceous maierial is

abundant in Units I a\\k\ 2. sparse in Unit 3 ami

absent from Unit 4. Verlebralc fossils were rccourcd

from all units with lite exception of Unit 4. Units I.

2 and 'I are continuous throughout the fossil

Chamber, Unit 3 is restricted to the distil regions of

the sediment cone. All sediments have similar

cliaracleristics of iiiain si/e (Liu. 3) and shape, and

clay content. Sediment, colour was unique lor each

unit.

(iti.'rhrotioli>i>y

Three U-scries dates im calcile deposits

mterlaycrcd with Ihe fossilifcrous. sediments in

Cathedral Cave were reported by Ayliffe el at,

il^S), These -liicsahni^ with an additional d,aei( (

FC KS-4> obtained during this sltaly are presented in

Table 2. A small quantity of bone was found

deposited Wit Ml] the flmvslone layers. All sediment

units (I lo 4) lie beneath the flow stone structure

(CCTC LS-2> dated at 159.2 ± 2/2 ka A flowslone

ICCFC FS-3) dated al 27V. 2 ± 7.2 ka lies below Unit

3 while overlying Unit 4. The strut ii»raph it

relationship between Ihe sedimentary units and the

dated I low stones is shown in Re, 2

2 m
399 ka

Fan - Sot'liwi ul Ihe Cittb&fnfl C«,vw Ptywrtl ChiUi'ibvi simwin» du- slnrtlgxupby. ftrtWl speieoihcms, ihe fiotfttafl tfl the

r\ia\a<ion nil', and Ihi locution ol the datum. VWa-hiuu- [ohhS*, vseic rteovgtwl lie-m seilnuentuiy t nil'- I, 1 cow* .1
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Association and articulation

During excavation ii was evident thai some bones

were either in association or articulation.

All of the associated specimens were from either

extinct \Procoptodon, Sthenurus) or ex tan!

{Mucmpus) species of kangaroos. Based on MNI
calculations, parts of five (3 Stiienums spp., I

Procophuhn sp. and I Macropus sp.) individuals

were found in association representing 2&% o\ the

total number of specimens recoveTed.

Figure 4 shows an articulated specimen in siitt.

Articulated material represented 1.6% of Ihc total

number of specimens recovered. Articulated

specimens include bolh extinct (Sfhenurn\ gfUi

Merrilees, 1965, one individual) and extant

{Macropus sp., one individual) kangaroos and an

extant bandicoot Usoothm sp.. one individual). The
discovery o[ the articulated partial skeleton vt\' $ t

I'iUi is the first ever recovered and will be

described elsewhere. The articulated bandicoot

skeleton was encased within u mass of calcite- The
arrangement of its bones was not consistent with

an owl pellet.

Brk akacie patterns

Figure 5 shows the distribution of breakage

patterns for the total fossil assemblage.

Tabix 1- Charaeteristies o\ 'sedimentary u/iiis Within the Cathedral Cave Fossil Chamber

Unit Clay pflCO. 1 Sand Sediment colour Sand colour Grain

No. '.; Cft 'A Munscfl Mun.sell shape

1 S.7 5 86.3 Yellowish red

5YR5/8

Reddish yellow

5YR6AS

SR-SA

2 ftj 7 J 86.4 Dark red

2.5YR4/8

Yellowish red

5YR5/8

SR-SA

3 K.2 3 8H.8 Reddish yellow

5YKo/K

Very paJe brown

I0YR8/2

SR-SA

4 K.y 2.3 8N.N Very pale hrown

IOYR8/4

Very pale brown

I0YR8/3

SR-SA

Sand colour reters to ihe colour of dry sediment alter removal of ihe elay.s

Grain shape: SA ~ stih-nngular; SR = sub-nnuuled-

60 r

3? 40

*

B4

B3

B2

Bl

A1

--•--A2

Phi
Fig. 3. Grain s\/c distribution of all sedimenl units from the Cathedral Cave fossil Chamber. Alphabetical prefixes refer to

e\c;oation pit and the sediment unit number follows.
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Table 2. Summary- of U/Th dates on calcite deposits in Cathedral Cave Fossil Chamber.

Code number Date (ka) Comments

CC FC FS-4 95.2 ± 1.3 Overlies Units 1.2 and 3. Pil B.

CC FC FS-2 159.2 ± 2.2 Overlying all sedimentary units; provides minimum age of fauna;

sediment influx eeases

CCFC PS-3 27 l ).2 ± 7.2 Underlies fossil bearing sediments; gives maximum age for Units 1, 2 and 3

CC FC SLl 39°- ± 19 Provides absoluLe maximum age of fauna

Dates and sample eode numbers from Ayliffe et ai ( 1998) and Ayliffe (pers. eomm. 1998). Code number abbreviations:

CC, Cathedral Cave; FC. Fossil Chamber; FS. Ilowslone; St, stalactite.

\

Fig. 4- An example ol'one of the articulated specimens iu

siia in the Calhedral Cave fossil deposit. This large

iiKK-iopodinc vertebral eolumn (cervical to sacral

vertebrae) including some pelvic elements, was retrieved

intact. Scale bar = 10 cm,

Approximately half of all specimens collected (48%]
were entire (i.e. no breakage); another 25% showed

evidence of clean recent breakage during excavation

and/or removal. The remainder showed breakage

patterns of more ancient origin that included

irregular perpendicular (22.5%), crcnulatcd (2.3%),

spiral fracture (1.4%) and compression (0.8%). The
majority of compression fractured specimens were

concentrated in the lower Unit 3.

PREDATIONANDSCAVENGING

Bone damage caused by predation or scavenging

(including surface markings such as puncture

wounds and crenulated gnaw damage) was evident

on 2.5% of specimens. Predation or scavenging

damage was restricted to bones of kangaroos o\' the

genus Macropus with an estimated body mass of less

than 60 kg. None of the very large extinct marsupial

species (e.g. Zy^oftutturu.s, ProcoploiUm) exhibited

predator damage.

SURFACEFEATURES

Few specimens from the Cathedral Cave fossil

assemblage showed evidence of burning. Burning is

commonly recognised by the carbonisation of the

bone collagen, discolouring the bone to black

(charring) or producing a chalky white texture from

prolonged exposure to high temperatures

(calcination) (Brain 1981 ).

A few long bone fragments had a uniform deep

brown surface discoloration that in places penetrated

into the cancellous core. Specimens from swamp
sites such as Rocky River on Kangaroo Island show
similar discoloration.

No evidence of root etchings or abrasions was

found on any specimen from the fossil sample. Some
'pseudo-abrasion' paLterns were observed (i.e.

abraded cancellous bone), but these were interpreted

as preparation damage.

Few specimens showed evidence o\' sub-aerial

weathering. Figure 6 shows the frequency

distribution of bone weathering with the vast

majority of specimens categorised as weathering

static 0.
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Skeletal element MsuNOANCfiS

The skeletal element abundances for large

mammals from each Ibssi I iferous sedimentary unil in

each pil are presented in Tabic 3. On average, the

relative abundances (mean Rj%) of skeletal elements

representing large mammals arc between 4.3% and

o .3* A . The highest relative abundance values arc for

mandibles (mean of 19,6%), femora (11,1%) and

tibiae ( 12.4'* ). The lowest mean relative abundance

values obtained are for phalanges (6,7%), carpals

(0.6%) and metacarpals (0.2^). Although the

absolute numbers of vertebrae and ribs are the

highest tor most units, their relative abundances arc

close to the mean.

Sprors MNI
Tables 4 and 5 show the MNI values for each

species identified from the Cathedral Cave fossil

N= 545 *l;p w 500
0)

SCren. Oouoq

Comp.
m- 300
o

^ 200

Rec/unk E 100

HSpiral
2

DDNone

Ftg. 5, Distribution ot the various breakage patterns

observed itn the entire Cathedral Cave fossil sample I N =

545). Abbreviations: I. P.. irregular perpendicular. Crcn..

crenulated. Comp., compression, RecAmk.. recent (post

dcpositional) or unknown damage.

o «- c\j

Weathering stage

Fie. 6. Frequency distribution of specimens displaying

characteristics of ihe various weathering stages

(following fiehrensmeyer 1978) IVom the Cathedral Cave
fossil assemblage i

Tabi i 3- fjuxr nunmnal skeletal element abundance (No. ) antl relative abundance (Ri'/c ) from both excavation pits ami all

fif^silifcrttus sedimentary units in ihe Cathedral Cave Fossil Chamber, Narocoorte.

Pit B B A B A

Unil 3 2 2 1 1 Mean

lilcment No. Ri r * No. Ri'i No. Ri% No. RM No. Ki'r Ri'/r

Skulls 4 111 3 7.5 1 7.7 1 11.

1

0.0 7.7

Maxdlae 4 6.1 li 13.8 1 3.8 1 5.6 0.0 5.9

VI audi hies 13 ]9.1 22 27.5 4 15.3 3 16.7 3 IS.K 19.6

Individual leellt 9 IKS G 0.4 13 2. ( ) 0.0 5 1.8 1.2

Vertebrae 46 5.1 61 5.6 \9 5.4 13 53 18 8,3 6.0

Rib* 24 2.X 21 2.0 10 3.0 3 1.3 12 5.8 3.0

Scapulae 4 6.1 1 1.3 0.0 1 5.5 1 6.3 3.8

Humeri 3 4.5 4 sA 1 3.X 1 5.5 1 6.3 5.0

Radii 3 4.5 3 3.H
-j

7.7 0.0 3 18.8 7.0

Ulnae 1 1.5 4 5.0 1 3.8
n

II.

1

1 6.3 5.5

Carpal s 0.0 0.0 1 0.5 0.0 3 2.7 0.6

Metacarpals 0.0 f) 0.0 1 0.8 0.0 0.0 0,2

Pelvic elements 13 4.9 9 3.8 3 2.<i 3 4.2 1 1.6 X5

Femora 16 24.2 9 11.3 i 7.7 0.0 T 12.5 11!

Tibiae II 16.7 6 7.5 I 3.S 5 27.8 1 6.3 114

Fibular 2 3.0 1 1.3 1 3.8 n III 1 6.3 5.1

Tarsals 10 2.2 7 1.3 5 2.7 P 0.0 3 2.7 IS

Metatarsals 13 4.0 16 10 5 4.K f) 0.0 1 1.6 3.3

Phalanges 12 0.7 12 0.6 S LI 2 0.4 4 0.9 0.7

Totals IKS 1% 7y 37 60

Mean RW 6.3 5-4 4.3 5.6 5.6
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assemblage. A total of 103 large mammal and 107

small vertebrate individuals is represented by the

fossil collection. The must common species was the

Hasiern Grey Kangaroo. MactvpUs gtgontens (Shaw,

1.784); In tola!, kangaroos of the sub-family

Maeropodinae are the most frequently represented

species (49.5 r
,i ). followed by those ol the extinct

Slhenurinae (37.9%), The most prevalent small

mammal species were rodents.

Species ahundancls

Figure 7 shows the proportions of each large

mammal species within the entire fossil sample

based on MNI values. Herbivores are represented by

97. 19* ol all large mammal fossils. Approximately

hall (51.5%) of herbivores in the deposit are extant

kangaroo species of the genera Mturopns and

Wtilhihiii, MacmpUs spp. dominate the grazing

niche, while the extinct sthen urine kangaroos
(37.4' :>) along with W'allabta hicolor (Desmarcst,

IS04) make up the majority of browsing herbivores.

Large carnivores make up only 3 f; £ of the total fauna.

BomMASSDISTRIBUTION

Figure S displays the body mass distribution for

large mammals (>5 kg). Body mass estimates were

obtained from Calahy (J995), Jones (1995). Lee &
Ward ( 1980), Merchant ( 1995), Murray (1984, 1991 ).

Pople (1995). Ruunsevell & Mooney (I 'Wo. Wells

( 1995) and Wroe ct ul. { 1999) using maximum male

weights. The large mammal distribution shows a high

frequency of individuals weighing between 5 and 20

kg and between 40 and 60 kg. Very few Very large

individuals < > 1 00 kg) arc represented in the fossil

deposit.

Mammalh ahitais

Table shows the preferred or inferred habitats ol

all the mammal species represented in die Cathedral

Cave fossil assemblage. The majority of species

inhabited an open forest or woodland environment.

Some species are known to occupy a wide range ol

present day habitats and. consequently, are less

informative. Zygamalunts inhibits (Mueleay. IK58)

has been suggested by Murray (1984) to have

TvBLlt 4. Minimum number of intli\ ithtals <MNl) fur law mammals from all fossili faints M'dimetuan units. Cathedral

Cuvc. Narannnh;

I'M A A B B B

t m 1

o
1

->

3

l'ft\larinu\ evtwcefif talus

Tniiil'l'liylaciiiidiic MNI
l.asi'trh'ums Intifrons

Vnmhalidae hide!.

Total Voiribalidiic MNI
M,i.mfut\ gitfUtlteMi

\ln* n>jms Htffi^risi'iis

Mmnmits Kg. Indct.

W'allahia hicotor

Total Mucropodiiiiie MNI
St hen tints xilfi

Stlh'nunt.s bri'Wtui

Sllwtmnts thriiUntalis

Sflifttutu.s s|>. Imlei.

PttirftjiftitloH y.fliah

Tolal Sllicnuriiiue MNI
/.\\;totiatnnts tnlt/bns

Tolal /ygomaiurinae MNI
tlnlnt fi/fo luntiffx

bii.il I Irylaeolconidae MNI
Tolal No. cxlinci species

Tol;tl No. evUnU species

Tolal No. species

Total MNI extinct species

Tolal MNI extant species

Total MNI

10

3

1

1

7

i

i

5

5

2
i

14

5

1

1

I
2 2 5 fi

4 •1 2 15

i

14

1 1 1 1 1

1 1 1 1

1

1

1

1 1

1

1

X

1

S

2 4 ? 3 5

o K 5 M 13

3 5 J IK IV

3 s i»
T>

Ifl

S 13 i) 40 >
J

N,B. ^nrrnnhilits harrisit is present in ilie assemblage bill wa-; recovered during a previous excavation and die

stralk'ruptnc origin is imkuoxvn.
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inhabited wetlands, such as swamps or billabongs

anil its did may have included vegetation growing

along the banks of water holes.

Discussion

Geology

Cathedral Cave lies within the Naracoorte East Dune

which contains a series of potential sediment sources for

cave fills, including Pleistocene beach-dune, estuanne-

lagoonal and lacustrine facies, and Pliocene marine and

lluviolucaslrine facies (Cook et uL 1977; Grimes 1994).

These sandy facies, individually or in a combination, are

a likely source for the Cathedral Cave sediments,

although soil formation, leaching and/or mixing makes

it difficult to establish firmly sediment provenance.

The sedimentary units within the Fossil Chamber

appear to be continuous between excavation pits with the

exception of Unit 3. No distinction between sedimentary

T\BLt 5. Minimum number of individuals (MNP) for small mammals, reptiles, amphibians and birds from all fossilijerous

sedimentary units, Cathedral Cave, Naracoorte. Indeterminate family or class individuals were not included in total

e\tinel/e\tant speiies calculations.

Pit

Unit

Sininfliopsis rnurina

Antet hinus flu vipes

Atiteehinu.s sp. Inclet.

Huisi ogaie caluea

l)a.\yurns xiveirhltts

f)a_s\urn,\ maeulatus

Total Dasyuridae MNI
Perameles I'oit^ainvdle

Perameles ^unnii

Perameles sp. liulel.

Pemmelidae Tudel

Total Peramelidae MNI
Cercartetus nanus

total Phalangeridae MNI
Hettou^ia penicillaht

Putorous platvops

Poton/us tridoitxhts

B&ttmgkl sp, Indet.

Total PoioroidaeMNI

Miisiiicomxs fitst-us

Pseudomys austra/t's

Pseudomys short ridi*t

Notomys mitchelli

Pseudomxs sp.

Total Muridae MNI
Aves Indet.

Total Aves MNI
filiqua ru^osa

Total Keptilia MNI
Linuwdyuastes sp. Indet.

Total l.eptodactylidae MNI
Total No. evtiuet species

Total No. e\taut species

Toiul No. species

Total MNI exlinCI species

Tdttll MMextant species

Total MNI

1 4

2 2

f, 1

3 5

15 s

1

l

i

2

i

3

I

2

8 ."5

5

1

1

2

I

1ft 5

3 1

J i

)
1

i
l

T
i

2 i

1

21 14
->->

14

2 (1

36 17

41' 23

4 14 1

j 1

3

I

1

1

1 1

6 10
>

(i II *

>
I

9 23 I

1? 25 .s

Ukown, S P. ll<$8) A Geological and Palaconloloj-kiil

L\itmiiiiiiion til the lale Pleistocene Oilhedrul Ciive Fossil

Accinniil.ition, Muraeooru*. Stmlh Australia. BSc (Hons) 'Miosis,

Tile Rlfliltfri UniveiMty or .SOUth Austialiii (uupuh.!.



FOSSIL VRRTRBRATRSFROMCATHEDRALCAVK. NARACOORTF )')

0)
u
C
TO

TJ
C
3

35

30

25

20

<u 15
>

-5 10

a V]
3 s

P VI 4) 0)

c
-3

S C JO

1
^j

o H*
3

1 3 C
ej N

Species

Rig. 7. Frequency nF ihe number of individuals of the various large mammal species expressed as percentage* of (lie total

number of individuals From ihe Cathedral Cave fossil assemblage.
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Pig. 8, Distribution ofal] large mammal species based on
MNI values plotted by weight classes from the Cuihedral

CaVe fossd assemblage.

units could be made bused upon the grain siVe distribution

or grain shape. Calcium carbonate and clay content varied

between the sedimentary units with liille similarity with

the sediments of the region (Brown 199S 1

). The

variation in calcium carbonate content a\' the cave

sediments may have occurred following incorporation

of cave limestone via Fretting from the Fossil

Chamber root (Wells et af. 1084). Pleistocene beach

dune faeies are prevalent in the region hut are not

interpreted as Ihe source for the Cathedral Cave

sediments due to Ihcir very high amount of calcium

carbonate content. Moriarty et ah (2000) suggested

that the cave fills at Naracoortc were sourced from

surface soils during periods with a wet climate regime

with abundant vegetation (i.e. inlerglaeials, stadials

and interstadials). However, Units 3 and 4 contain

litllc or no carbonaceous material suggesting lhal

surface soil development may not be significant

during the deposition of these units and they may have

originated during more arid periods where rainfall and

vegetation cover were !oW;

The speleothem dates provide a time frame and

suggest environmental conditions under which

sediment accumulated within the Fossil Chamber.

The buried flowslone fCC FC l-S-3 ) gives a

maximum age (279.2 ± 7.2 ka) for sediment and

fauna accumulation in Units I, 2 and 3 and a

minimum age for Ihe underlying Unit 4 sediments,

A U-series date from near the lower end ^\' the

buried stalactite (399 ± 10 ka) provides a maximum
age for Unit 4, as burial of this speleothem had to

occur following its formation.

The speleothem developed on the upper surface ol

the sediment cone, daled al 159,2 ± 2.2 ka. provides

a minimum dale tor cessation of sediment deposition
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Tahi.H 6. I'refenvd or inferred hahitats of nunnnud species recovered front the Cathedral Cave fossil assembhfgC

Noratt'vrtc.

SpL'L'IfS O. F. W

•\nlet hiittts fluvipts

Sniiiitimpsis marina

Dasvnias \iverrtmrs

Ottsvttrns nuunlatux

Saivoplntus ftarrrsif

Thylaeinus cynoeephafu

'

Phasco^ale catttra

Isoodim oltesttlns

i'eiwneles boa^ainvdte

i'entmeles %tuwii

lietioiwu petiiciitata

t'oroitnts ; piatxops

Potorotts tridacishis

I .asiorliinus iatifrons

\hnropas [>i\>antetts

Mat rapns rnfaitrisetis

Widlahia hicolor

Sthentirns £/'///

SthewtrtfX hrmvnei

Sthenunts oeeitlenttdis

Pr<Htfpttn(un K<>o<di

CercurteUts nanus

2ygomtituru$ trdobiis

Thyiacoieo cannfe.x

Masnuotuys jttsats

Pseiuhnnys ausutd'ts

Psvudtnnys short rid%t

Natitmss niitcheHi

X

X X X X
X X X x

X X X
X X X
X X X

X X
X

X

x X X
X X X

X X X
X X X

X
X
X

x x x

x

x x X
x X X

X X X
X

X

X

X

X X
X x x

X X
X X

X X X \

X

X

Data obtained from Archer 1 1981 ). Bradley ( l995),CTmsiensen (1995). Edgar & Belcher (1995). Fox (1989, 1995). Friend

& Burbidge (1995). Godsell (1995). Happokl (1995). IJehisohn (1906), Jarman and Phillips (1989). Johnston (1995 i,

Murray < 1984), Setback et at. ( 1989), Tale ( 1947), Turner & Ward (]995 1, Walton < 19N1S). Walts & Aslin (1981 ) and Wells

i 1995). F = Forbs. S = Savannah. H = Heath. O.F, - Open forest. W= Woodland and R = Rainforest.

in the chamber, which probably occurred following

blockage of the solution tube entry point. In other

words, the entire Cathedral Cave fauna from Units I,

2 and 3 dates between 279.2 ± 7.2 and 1 59.2 ± 2.2 ka

corresponding with oxygen isotope stages 6, 7 and 8

( Shacklcton & Opdyke' 1973? Martinson et ul. ] 987).

taplumotny

Accumulation modus)
The fossil evidence supports accumulation of

animals via a pitfall trap. The low number ol

mammalian carnivores and the scarcity of carnivore

tooth markings and gnaw damage (characterised by

creuulated breakage patterns), suggest lhal the fossds

were not accumulated by mammalian carnivores and

the chamber was not used as a den Of a lair (cf

Lundelius 1966: SutclitTe 1970; Hrain 1980; Haynes

1980; Scott & Klein 1981: Cru/-Uribe & Klein

1994; Skinner etui. I99S). Furthermore, ihc absence

of root etching and the small number of burnt or sub-

aerial weathered bones argue against a suit ace

accumulation where animal remains would be easily

accessible to carnivores. The few specimens

displaying characteristics of carnivore activity were

most likely hydraulically transported into the cave

from locations proximal to the entrance or resulted

from an entrapped carnivore within the chamber.

Although water transport of animal remains into

the Fossil Chamber may account for some post-

mortem damage, the aforementioned evidence

suggests that bone accumulation did not decor by

this means. All evidence is consistent with a pitfall

trap.

The deep brown discoloration of some bones

seems io contrast vvilh the paler colours typical of the

deposit. The deep brown specimens are comparable

to bones found in swamp deposits at Rocky River on

Kangaroo Island (Wells el al. 1999) where the colour
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hOftC -inl.tri^ discoloration Miosis (hat the hones

did not accumulate outside Ihc cave. The size of

ha.s been attributed lo tannin uptake or staining.

IVrhaps (his type nl sUrfUOe colouring present on

some Cathedral Cave specimens indicates local

ponding within the pave system- at a lime when
outside conditions of hkm vcL'elaiion cover increased

ihc quant ii v of tannins jnlo the down Waul

percolating ground water.

The data obtained lor the small veriehiatc fauna

(Tuole *>> suecesi at leas! two modes ol

jecunnilaiion- The low lotu! number of individuals

and llie small number ol arboreal species are not

inconsistent with a pillall trap. Arboreal species

would be more able U> climb out of the cave had iJ icy

(alien or climbed in. However, the higher number of

indent individuals recovered from Fit A, Cnil I and

hi N, L nil 2 su^ijesls inal nn avian predulor may
have roosted within the cave or solution tube or in an

ovcihani'jnji tree. One niiiihl inlet from the tvlativelv

small number ol individuals compared vvi|h olhcr

extensive owl deposits at Naracooile (McDowell
2000) that litis only oecurred Cor a short lime.

AullCt t 41104 Sl'l.f IVU:\S'

The presence of urlieulatod fossil specimens

sneeesrs thai some animals entered Ihc cave mlacl.

ITicsc were presumably live animals, trapped by the

pillall mechanism, which either died from the Tail

into the cave a\\i\ decomposed on the cone or

survived the Tall arid were subsequently able |o move
about -within die chamber. As the majority of

aiiieulaicd material was recovered bom the distal Ian

lei-uir, wiihm lite lo.ssi I Chamber, tlte taller scenario

wins (he more likely. Observations by one of die

authors ( RTW) ol contemporary accitmululions

surest thai following eiiirapiucut. starving animals

beeaute thiemolaxie and leuded lo seek out the

^ecU|•l!> ol walK -\\m\ civvk.-s ;.nd died there I'll s

evidence further supports Ihc hypothesis thai a pillall

ineetianisin was (he primary mode of accumulation

lor [aire mammals and indicates dial the biuial ol'

some bones oceurretl rapidly before disarticulation

c'ould oeeui.

The lack ol ailieulaled material representing vc\
large mammals <>I00 kg) (i.e. Piyncphnfon sp, a\u\

/.y^fiiutmntK sp, > suggests dtat efther (heir rcmaii s

were transported into Ihe eKVC ol the diameicr ol die

solmton tube acted as a
v hody mass sieve \

prcvcniiug die passage ol' larger, intact animals. As

already discussed above, Ihc absence ot wcnlheiiiig.

.ihl'.r MMi.s 1 1 on i ItVihalllK o.inspofi ,nul it |l\ e\ tensive

VI' I H .,' k
I VI ' ..'tj'lli. II.,' UltSllI Mti'iMMl.av mj '..-tlMT'i'Ui': ol

i-:..t l ,*,i.. lt r
l i*,,v, W','pa Mt mi _•! ".

1 1', i. -i 'i i- -'',....,( ,, M ..,.| ..h., i]

I* ol S",.ih -,.<., i, -It
i f>| HJiJ HU',|tfj |-.t".--iiictl 4] (In 1

• 'ii.ii . "
.

."*-:'.
I

\fv)i|r Kf'||lil|ll)l DtKllysl> "t .\icitiili. il

M ""'in
1

1
; ilii ih'

,

iii
,

i! • .ti.a fMiifrw tliiv'i - ' (Jiih iihW>lll!|Th |

individuals of these species may have prevented t heir

falling directly inn* the chamber below. The
individuals would be trapped and then die within the

solution tube, wilh their remains gradual!}

incorporated into the fossil deposit as the eureusses

decomposed The low MMvalues lor these large

herbivore species suggest one or all three

possibilities; that few became trapped, thai Ihe)

could readily c\ltieatc themselves, thai Lhew

numbers were low in the immediate vicintLv of the

pitfall ,

SkktilAl I I I.MI'NI UH'NtJArNU.s

The skeletal elomenl abundances foi each unii and

cxeavalion ptl indicate that the relative number ol'

skeletal elements recovered (Ri 1
-/ } is low Accepting

the hypothesis ol a pitlall mechanism capturing livv

annuals at random, Ihc majority of bone in the

deposit would resuh from decomposition ol whole or

neat whole animals within the hossd r hamber In

Ihis case, an indtviduars r\\\\iv skeleton should be

icpieseuled witliin the total fossil depoval and so

would yive hi^'li R\ (
/, values were the entire deposu

lo be sampled The low observed relative abundances

arc thus iiuerprcled as an artefact of sampline Thest.

values also (udtcate dispeisal o! element Ibllowinir

Liccumnlalion under transport regimes such a^

sediment irtu>.s movement, water How and/oi

bioturbalion

Piihiaimltffo&y.

(^iMPAkiS(m wiiii Vkmikia rnssir ; AVi

VicKtria Fossil Cave, lueaiecl ahoul 700 m from

Caibcdral Cave. ciMilains several fossil Mies that

lta\e yielded an array of Middle Pleistocene faunas,

Ihcmgh only llie main Fossil Chamber has been

thoroughly icsL-aivhed tWclls el til. 1984: Moriarty vt

til. 2000). The b'ossd Chamber assemblage is by bu

!Im. I arjiesl ami rn best in all ther.i\^ al Naracooile

(Wells ci Ltl. 10S4). Possil-rich sediments appear lo

have been deposited prior lo 21 1 ka and span mkimv

tliotisands of years {AyliflV- ft ui |oys. Moriariy vi

///.20(H)), A pubill trap is suapesitd to be ihc primary

inechanism responsible for the accumulation ol

animnU (Wells pi ttl l°K4l A majority ol ftk! WOtTI

ciimnuni ne^afiumal species a!s.. occurs within

Cathedral Cave \tj* t
Sfhcntfut* villi, S, bn>unn

Memiee>. l
L 'o?. S, ifivifytfhtfh tjIuVlLTl. I'M and

/xtU'ttnitWH> iiih'htf.w. 'f'lte major Ijuaal ililk*ience>

between Ihc two assemblages lie in the pre>enc:- n|

the rarer species m Victoria lassil C,i\c ic.e

P&ttWhtlctCi liTticf Owen. 1X7*" V .^///cr\o;r

Marcus. |o62. \ nuhhtoiki Weils a Murray 197^ V

f>.ik\ OcVis, ISOS, Sth.htuu; sp onv • twum
Prideattx ii WelK, OJV.S .md ty*jft»fi;Vtf>» nxKhlH
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Owen. IS74i and are likely lo reflect differences m
sample size,

Preliminary In Umil samples have been obtained

Irani dated deposits in Spring Chamber junl Grant

(Kill wilhin Victoria Fossil C;ne (Motiariy t*l til

2HO0i. Many specjes delected in die Cathedral Cave

lossil assemblage were nOt recovered from Spring

Chamber. This MKiy he an artefaei o( (he small

sample siye from Spring Chamber. L" series dales

obtained indiealc thai the Sprine. Chamber (anna is

older dum Chill cri Cathedral Cave ( Aylillc rt ul, \&9fo

Moriariv ft ai 2000). although some overlap occurs

(Jilting the period 2K2-2I1 ka corresponding (o tin*

upper portion of tbc ( athedml Cave dale ran^e (27 ( >-

Grant Hall sediments appear to have a hi^hci fossil

eonleni ihati those of Spiin^ Chamber and the tauna

is more like that of Cathedral Cave. The mceafaunu

represented closely resembles the Cathedral Cave

fossil assemblage. Motiariy ft it!. (2000) suggested

un Uge between IbO and SO Ka lot sedimcnl

ace unuilaiion in Crrant Hall. However they arctic

thai diis may not be Lhe true ace of die sedimcnl

influx and lamia due to the potential lor reworking of

previously deposited sediments.

PlWXlMAl ' OMMMNIIVAMI l*\t -VI Ul.N VIKONMI'XI AI

KKUNSfRt . TluN

An understanding Of lhe laphonomie teases witlnn

the lossil assemblage iiives mote eonlidence lo any

p ilaeocnvironmcnial reconstruction, but. as the

buna aecumuhued during a period of approximate Iv

I "VI Ka, iimc-a verging may compromise this

interpretation

li can be concluded that the large niiimni.il

i.unponeni of the proximal community consisted

primarily Ol herbivores. Of tflCSC, g^(/|Ug types

iMttrtWpm Spp-1 were lhe most abundant. The

hiowsme herbivore fauna consisted of the extincl

sihciuiriite kangaroos. W'ulhthut htrnt.ii tmd

/.x^i'tiHittttus t;ih>hus. Vegetation allowing litis mo,

ol' herbivores to coexist within lhe same rceiou

would include slnubs. trees and fitasscv An HfMM

loresi or woodland with a eT>\Y nifdnMoivy is 'h.

most likely t nvironmctil, However, 'jra/in,L

Lmeamos could also forage in more open ill

svuhin a forest, on the forest bdgf 01 iUlfUL I

fiasslands. Mutray tl LJ84l suegesicd thai the

morpholo^y ol the Zygoma turns nazals may be un

adaptation lor browsing on reeds wilhin shallow

u.iki suutiestine lhe possible pre-.enc. hi wedjuds

ty swamps.

The presence (>1 tAfftifHttttlA /<>/'/ r ""' 1 iCHvtfl

FK45) in lhe deposit appear 1- inconsistent iVlUi Hu

environmental reconstruction. Today, dm. species

inhabits set [d to arid savannah ive.ions (.Yfelfc

l\H>^> However, in the Mid -PleisuKonc-. this spv

K I WHI IS

may have inhabited the mi Lei edge of open forest or

woodland, Ltf even in historic times its range

extended inlo higher rainfall areas (YVood-Jo.ies

1024).

Most of lhe small animal fauna is indicative ot an

open I'oreslAvoodland environment. A smaller

number occurs today in savannah and heath

vcgeUtiou suggest int 1
,

it may have occurred in close

provinmv to Calhedral Cave during lhe Middle

Pleistocene.

MoJimii-si/cd maanivials such as- bandicoots

\l
J trjim'U'\ and i.wotkw) \Ka\ sulTicicnl ennmd

U0VB1 for refuse ami the presence of low lying scrub

is suggested. Aittecliinits J'Ui\'f(tc\ iWaicrluiuse.

1835), t'h<i\i.rj t ti<> .yflun/ iCould, 1.S44) and

Ctnuricln.s minus inesitiaresl. ISIS) are arbmval

speiies, 1 his I'liilher supports the presence ol

abundant trees consisteni with an open

forest/woodland- The only arid species recovered

from (he fossil depttsii was the Plains Kal

,

I'.Mtniottivs uitslntlis (Cray. W2> whieh VValh>n

t I9XX| suggests prefer lotlay roekv arid regions.

The fauna suggests a veueialion structure similat to

that of lhe rciiion prior lo Luropean find clearing.

Croli <7 til. (t$W) indicate thai lhe vojjeiaii.m

communily ol the Naracoorle iclmoii was dominaieit

by open cucalypl Imvsl/woodlands with inicrmitieui

tussock uvussland.s and sediieland prior lo European

scUlemeul. The <liver\ily in vegetation lor the reeion

durine lhe Middle Pleistocene as indicated bv llic

Cathedial Cave fossil fauna Mimesis thai un ^i local

scale i he vegelalion may have been ecotonal.

PVI VMM I IM All

Hurini' the period bracketing the Cathedral Ca\c

fossil assemblage (between 159 and ITS LO ll ;j|.iei.il

maximum occurred at 370 ka alone with an

inlciL'liK tal (oxy.eeu isntupe slaiie 7e) ami warm

intersiadial periods centred on ?10. 220 aral I'-f^ ka

lAvl.lle v\ :>i. ;gy»i: WfnngmJ ot tit \mir
Murliiison it ,il ilVfT?! reported Hire* radiolanan

luyh tempeiamie foakh Mi the .Soiiihem Ocean

il-M .1 1121m diirme the time ol launal aceumuJa \

,U 24il, 220ar»d l

l )S fa with U maximum tempc<;auie

u( ,if.w,|i U,S C tit-jlui (hll)l picenl ind U Wi-i

i i |p fu\ mvs averaein 1
.' > f'x-luw |>iv>oit t h.

I

i ratline peak correlate with the iulctelav t il <-.

waim intersludut ?$enls f)f dm. period, A\lille rJ "/

i M»L)Vj sh.'V'-'sI speiet'them Jepo^ibon followed Hies*.

pha%e;% eolo G I

1

' to ^t/iiliab ami cool

frllffrstadttJlK, I 1 1 Ll i_ blliw a.ecmimlaied tllirilTg pernuK

ul >pi le, alien, loniua suveestme that the irutjoriiv

ut .Mnm.il .vniai'v. ^ L*iv ;iccumuhavd Jmiiv- die

: i flfOiel^K w|s -""I mferst.idiafs. Acceptinc this

h\p'»lhe-..s c-ul'lr. |l).' O-.tle-, Ini the spin d v

vJiieli (tie (aoual remains weie jecmnulaliii" lo tv

mi io di_- (icriou 240 La lo fH5 Ka.
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AylilTc el itl. (WNi inuieatctl thai ihe hsgrtfTtal

hydrologieal halanee al present fa an analogue for

ihlcielacial eoiidilious, and hiking this into account

ii is concluded that llic tnajorily of animal remains

aectnnulaletl dining periods of local climate* similat

m iltat of I he present lime.

i.r.
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